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CXEL^TB PEFHZRBILlT5f AhSL) .SSlK!ECU»ra*V PTOTUCB OIL 

IhHs iTive3\t.ibjn ralartes to ra-xwarin^ oil fxcm a &u}jrtarraiiean 
oil sbiilo by iTififlns of a cxravSoctivo heat drive pmrierfjsj, ^tare 
l^ticularly, ttia invfint.iox> relates to troatiiuj 21 rftlati\'ely thi.ckr 
and substantially ccfti>ltirtEilv in^TcneabLe subtcorranc^ oil nJiale by ' 
niGahfi of ^; cosrvaijctlvc boating SJdoreaB which both creates a 
pemitoable zara within a selected portion of tl-ja oi I 5ha.le aiul 
subsequeittly ptodu£«a ahale oil Itydrocarbons. ' 

A p*3iTneabiJ.iL'y-aJ.d3d type irf cxxi^uctive Iteat driw fbr 
pixidijcijig oil froB a sutoterraneari oil ahale IrwentosS in swecien 
F.LjUTJCf&troeiD. That porocesa, * which WitJ inv'snted aboot 40 years 
ago « /was com^rcially uead an a simll scale In tho It is - . 

, deiscvibeii in Swedish Patents Nos* I2i,737f U3,i36t 123,137; 
123,13d; 125,712 flxii 126«674, in Uhtted States Pateot (tb. 
2,732,195, and in jcnLTiai articles such asi "CJndergrcvnrS Sl^le Oil 
P^TOlysis According to the Lj\3n)gstroam Mathod", \folurne ?4 • 
(l?53> Ko, 3/ pegas 119 to 123, jard "Net Bi^socgy Rocpvoriess Par "Rtb 
In situ nifilectrxc Hating of Oil Shale", Oil Strale S^nposiuiu 
Prooscdingfi 11, page .IIL to 330 (1978) - In tba 9A«diah pmoaea, 

iii7ect:lGn w&lls and fluid producing, wells were oonpleted 
h'ithin a penteab.le I'k&ar-flurfaca oil shale fiormation 93 tliat t]\ero 
■was loBS than a threa-a**trs separation betwaan tha harehsleB* 
Jieat injection wella; vere equipped with ei«ctx-\oal or othsr haatLng 
alotitoiits u'^ich ««rd suxzounded by a ness of naterial,. eudi as sand 
or cenent/ arrangsc) to transmit heat into tha oil shale ^ile 
pxevcntiiig any inflcwirv^ or outf Lcwing of fluid. In the .oil ehale 
for which tiie SVMdi&h imoosbs was 'designed g^xi tested, tl:^ 
psrmeabiility was such that* d!U> to a cantinosuB inflowing of <3round 
h^tar, a cxvitjLnuou9 pcsiping-<3Ut of water m^b nad^^ to avoid 
wistirig energy by evaporatli^g tlmt water. • 

T^ith xeapszt tn .aubfltaoitially con^^letcly licpunnetfible^ 
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rH.latively ckiiSp and xtjlaLivciy t^iuzX oil cJiale ciepo«*it3, such as 
ti.oB« vn tlic Piceance Jiafli.a in Uju li^itei statoe, Uia poflsiJnlity 
oi 0t1.iiz.1n9 a octiidliKJtivH hugiatiiig ia^poaba fnr pccoduolxxj oil ^as 
prwlcxiaiy ooiisic^ered to be aooooKUjiLi to prior tc^xchintfB arui 
beliefs — «:i-7nondcally urjfeaadhle, 1^ exanple, in the 
abcwQ-idcntified Oil ShAlo SVii9»B5.um# the LjijffwjBbnoem proooda la 
, characujri^od cis a process whLt.^ ".^^aiiccessluliy reuo v HTiacl ^:h^llc 
oil by «Tifce<3xilmg tiibular e.lecLrijtai heBcttn^ elaniaits within 
higl^-<fraxite shale deiwsita. This iiieiiicd r^liei on ordinary tJienral 
diffusion far eh%le l^ati/ig , whicli/ of. ooiirae p rsqiiiTes laztju 
tecrperatAiro gradienta. 'i^iuSr heating cms wry wan-onifannj inmthc 
wore required to fniliy t^stort £3tall j?cxM-size blocks of ahale. 
Al3o, iaidi tinst eiTergy was waats^ rln imdL^rhiiotinc; tlie chai^ xeginnn 
l:^oncl the psriphery of tite rsrtxn-tjpg zone aud ov€Thfi9i:ljig tJio 
KJialu cloarBt to t>tH heat jjouroe. Tha latter i^rdblem i« eRpecially 
ijipartant in the ca&e of l\^3Cetn filiales, ainoe thenml yrjarqy In. 
cverhiaarted zcanes, oannot be fully nxowcrAi by diffi^ri.om duo to 
d^dotharcnlc reaction!? whid^ taka place aibovo 60O *C\" (pa^ 

Id /substantially ifl^erneable types of relatively thick 
• auil^t&rxaTiean oil stsala farTT»d.onS/. thd creating and mabitainijD? of 
a fcntcctbjLQ itone IJiJxragh whldi the p^'rolysis produrta can be flowed 
has been found to be a severe ptdilem. In uft Pattsht Eto* 3,468/376* 
it ie atatpd (in oolfi- l^and 2) that "©i£>re ar« two jvcchanifiite 
involved ill the transport of lieat thocough the oil ahale. Heat is 
traosferrod thitoigh the aolid tnaes of oil 8haXe by conduction, "3^-^ 
haat ifi ssiaa trai^ferrod by cxiwecbioi^ tlirough the aoiid irass of 
oil BhaJje. 'il^je tranaiEr of heat bj» oooiductinn ie a relatively alow 
process. The average thenoal oor^uctivity and average tbenoal 
dif f nsivity of oil ahale are alx3ut thcsaa oi a firea>ric)i* The matrix 
of enijd oil ahalc has an RKtrscnely low ^ezireablllty nuch llloe 
ungluted paQracilaJ.n, As a ite»ult, the cccn(vccti\ie transfer of l^jeat ic 
IbitLted tfj heating by fluid tlosce cfocaincd iii open channels which 
^travcrsft tha oil shale- /Jbeao flow channels may be naturi*! aid 
a):tificiAlIy induced fracturec- On hRatirg, a layer of 
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pyrolyzfHi oil sliale buiUlg adjfcoacit the ctianrcl. Tlda iHyOT i.a oii 
iixirgtuiic TVTixieral tuittrix which oantA'biii vrar^d.rjg ctegrocs of c«rton. 
•jrhe layer ia 9J\ evcr-Qxpaftdirjg harrier ti> lieaat f Lew fxoni th* 
^edtimg fluid in the .ch^a:1nal.'' Ihe pc^t^<^ dijT>t:t8d A prouena 
for drcul&tijKj hfiated oil £;}«ala-9yn>l.yzlji^ flaid through a flow 
channe] vjhile ^lddi^g abrasive jknrticlftfl tio tl'je ciraiiating iluld to 
erode the layer of pyitMy5:^1 oil shale being fonred adjanent to tliD 
chgumGl. 

AlUioijgh the thenmal cccidLictivity arvA thofsrfd diffiwivity of 
/remy.ayhterrAnfiaia oil shales are^ in fact, rolatiwlv amilax to 
those of unglajtea porcelain and firchcid:, US Patent nd 3,237,689 
postulates that '^a rapid aA'ance of a iuiat fiont" (OcO.. 3, lijia 7) 
cdn be obtaijiccl by exchanging haat bstT^^een bhe oil shale and. a 
nuclear i^eactor ceolipg f luicS and deenrd.heg gycboins for uaing such 
reactora either located on thet earth's surfaca or in tlie oii ahale 
deposit. 

IIS Patiait No, 3,2&«,2ai (^y» (at Ctoi; i, liiiea 3-21), "Tha 
pQooJtuction ot oil from oil shale, by haating the ehale by various 
mf^anB 9V»^ as ... an eXe.7brical retiiatarra heater . . . haa beert 
Attentpted with little suc^Bsm^ . * . Fracturing of th& shala oil 
porior to the application of tot thereto by in aita oorbustion or 
other TOans has bsai piractl^d witli little 9ucoess lecaoaa the 
shale Rwi>3,l3 upoon lioating vrith codideQUiOnt partial, or ooK^lAtA 
olosuro o£ the fractura^ . Iba pataK described a pmceiui of 
deqiieiitially hating (and bfaus sMilliJtg) the oil shala, then 
inje-^in^, fly Id bo hydraulicaiay fracture thfi Eftollen shale » then 
rerpeat:u-jg tli03Q atepa uaCiX a hoat-Btobla fracture has h&s^ 
jiropag^ted into a production wll» - 

US Patent No« 3#45S/363 dafioribea the aooxnulaticD of 
partially dspLeted oil ahale fxagEncditfi within a flow cLiaiuiol such 
as a horizdnt^l fracturo being held open by tiia preaaiire of Utt 
fluid within the channel. The patent dicclosos that if th* channel 
mot is lirtod to 9'^tntain a flow path aba^ soci\ a layer of 
(?«!p3etjed «halo, the o^fsrlylng rocnintiona muat he bent and, without 
prec^iutlonc, will bend to an extent czwaing fractures to e>ctand up 



to thH sairfacc of the ssaxyu Tlrtc pafcent ip directed to a proceft^ of. 
interndtteri Jy ralucing the prwwrc oqq the fiuia v?ltMn sucti 
fracture to dilw ths weight o-i t-iie overtauzdon to crush and ocrnpacii 
the layer of dsplertad a^aleu 

rn a siijnxf icnnt portion o£ eubBtantia3Jy impcffseable aivi. 
r£*lAtivRlv thick oil ahalft depciSitd, buch aa tlxse in the Pioaance 
Hasin, t% valQajble resouroo uf alainljiluin is ps^e^ent in l:h£ loxtn ocf 
dsGiKSGDite. in US Patent 2^. 3,3^9^975^ dlrectei to racovcriji? 
almrdniun valued from retarted oil ahaleii ^ijcd\ hove baan mined cot 
fxtaiB such clepositH, it Xb pointed out thati in a suibdteuitiaL 
ab^onoQ of vjater» at tE^^aeratunss of aboat LJOO t^Je dauBociit^ 1.9 
CGOivorted to cr>'?tallinie fiodiiim aXiiicimto. Such a wat^^- frets 
retorting can dauczi^aose dolaoiiite in tha shale, to pioduce carbon 
dioKide/ caicitc, and tdaignssiiim cxlda so tV\at nagncsiuna oxidSa 
catbinaa with part of the aiiicdn dloodde in tha s\\alc^ in a ftonner 
pormitting a hlghi^ recovxery o£ the aluinlAiuann valua-a hy A Xoadiixi? 
pnscess. us Patent Nb« 3^502,372, directed to utilizing aoiuticn 
iRtniTig to rtsoovor dawaonifae* Indiaatsa that vd^are tha pyrolyBi? ig 
effected b/ an aguauufi f lnid# &udi a£i ateaift or the prodisots of 
uoiidar^rDuni ocnbusbion, it naiat te ccxsductod at a low teqperaturis 
and tl7ii3 xtalatively aloifly* to avoid oonvertliig tlic dows^anite and 
othav soluble aluminiw cscapoands to inaolubla material such aa 
analcit<^« In Patent 23 J« J, 572, 838 , a similar relati\'ely lew, 
teoperatura pyrolyRj a Is altO£tiaited vitb infections of an aquaoua 
aU^line fluid containing an add^lnsoltihla c^latiiig agent to aid 
in leaching daareonite wltJiout foi^ng such Insalubla material s» 

'Oha presoDt in\'egxtian relates to a p^ocsea tat oortducti^«ly 
li&atlng a aobtexxaneeax oil ahala fiomatlGn in a iriBtfsier, arranged Cor 
producing oil froea a fiubterraiiean oil &hala foncoticn \^ilch ia^ 
initially, !?ubstantlaliy iic^ersnaahle. m Accordance vitU this 
i'iwGntiua, the poortlon of oil shale deposit to be tsreated ie 
selectud, on tha basla of tho variartiona vlth depth in the 
ccff^coition a/i licopertiee of itc oonponentei to has.<c pcopertiea 
capaible ot intecactlng in a iwuancr which ^nhanceJi tJis unlf onnity of 
the beat frontft to an iuttent linuting tha tiro and eaiesgy 
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<ixpeadlturfl» prQ<3ucihg thci oil to valu s equivalent to leas than 

the value ot tha oil whlcti is prodMC«d, Tho aelectloo of the 

treataieiit Interval la ba««d on gri^d< and thlckQe&5 o£ tks 

portlQA of oil stidJLfl deposit to b« tireated and ttte enhancaaont it 

provider amountB to reduclDCf thd anount ot heat ^nargy lost dua'to 

exothanstic side raactions and iner«a8in{r the anount of oll^ 

recoverad from a ^Ivan grade of oil shale* 

Iti accor^ianca T#ith t^is invention at Least tWo valla ace 

conipLetad Into a aubterranaaa oil aiiaia traatmant interval whioh 

Is flubatantially intpennaabla, contalna BiubatantialiY ^lo uobila 

wator^ is at least about 30 m thick, la capable of oonflciing fluid 

at proceaa presaure, at laaat avibatantlally w.ituin t}ie traatmaxtt 

Interval, and oontalnfl a grada an4 thickness oC oil ekiale au^h 

that the average grade lo.gallotkfl of pil plus ^as equivalent par 

ton by Flaoher Airaay la at leaat about 10 and the product of the 

^rade tlmea the thitfluieaB in netraa of tiha oil shale la. at least 

about 3€0. 

Thus, the preaent invention provides in a process in 
vhlch cil is produced fron a flubterranean oil shale deposit by ' 
exteftding at least one each of heat-injacting and f iutd^producing 
wells into the deposits establiahing a heat-^conductive fluid* 
Imperntaable barrier b^ttraea 'the Interior of each heat- injecting 
vielX and tha adjacent deposit, and then heating the interior of' 

• - * ■ 

each heat- injecting well at a taoDiparatuze sufflcieat to 
conductive ly heat oil ahale kerogen and cause pyrolyaia products 
to foriff fractures within the oil shala deposit through vhicb tha 
pyrolyaiB products are diapleced into at least one production 
vall^ an iaprovamant for enhancing tha uAlfortalty of tha beat 
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fronts moving throuffh the oil shal« deposit, vhich compclaesr 

aet«rtf»iniag varlatlboa wlnh^^^ aifd ~" 

properties ot ch« oil shal« deposit; 

coTupletiftg said h«at-in^ectlQg dn4 f luid-pioducltjg wells' 
aelectively Into a treatment interval of oil shale in which 
the oil shale deposit {a) is ^(t least &bout 30 m thickp' {b). 
le substantially Imparneable a^tid tree of mobile vater/ 
[c ] has a composition a\id. thlckneas such ttiat' tho product of 
- the average Fischer As^ay grade tines ttxe thlchDesb of the 
treatment interval i£i at least about 900, and Id) thereby 
concalufl conponenta capable of InteractlAg in a inaiiner 

♦ * 

enhancing the uniformity o£ a frotit of cofiductiveiy 
transoDiitted heat/ Hith said wella being arranged so that» 
at laaat substantially throughout said t tea tment interval^ 
Che well boreholes are subatantlally parallel and are 
separated by substantially equal distances of at least 
. about 6 mr and 
withizk the iikterior .of each heat-injecting well maintaining 
an average temperature which, selectively along said 
treatment interval r la at least about 600 -C, but la not 
high enough to thermally damage equipment within the well, 
vchile heat la being transnltted. ayay tfosn the well at a 
rate not slgnlf ieantly faater than thai peraitted by the 
thermal oondtactlvltiea of the earth formations adjacent to 
the heated interval within the well. . . ' ^ 

tn a IpoatloQ in which a subterranean oil shale may 
contain portions which are generally suitable for ub« ee a 
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tr«atm«nt interval [At tiescribed abov«).but are ape to bA 

■ ^ 
P^rmoated by aubstantially disconnector natuxal fractures €in<S/o't 

planes of weakness ak v^eil as bein? locatad near boundarleo of the 

Qll recovery pattern ernd/or neat a potentially active aqulter, the 

operation ot th« present process can advantageously b« esombined 

with a use est guard uelXs" located near the pariphary o£ the oil 

recovery pattern vand/oi; betveeu a production aud an aquifer. 

Such guard veils era extended at laast auhatantlal.ly throughout 

the vertical extent of the treatment Intervals and the adjacent 

foriaatloRa are initially heated by thertaal conductlaik in a (oannar 

'4 

Similar to that enplpyed in the haat^lnjectiho vellSr axcept that 
the guard Hells ara heated at temperature a which are too lo\9 to 
gasify significant proportion of the. oil shale organic conponents 
hut axa bigh enough to causa a significant therual ejtpanalon of 
the rock matrix of the oil ahale deposit. 

In some instances, it na^r ba desirable to maintain aqch 

a 
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relatively Ivm t«Tpetatni?e guard wll hKactHing thTOjghout-at: Icaat d 
gubgtantial porticii «£ tls stale oil raoowiv pmceaiB. In other 
■inatancCD, aftor on initiAi are-latlvcly low tetr^ratura hftating of 
the guard \fe>l Is > It iray }je odvonta^ecM to iTdaC cjuard «^«11h ut 
cJxjut tha tenperatrure oclbobcd for the hisat'ln^ecting K&21& r i^) 
.orcler to ^"pand tHR pattcooa of waJIa from n^ich oiJ i£: di^plac^^d iby 
thearnal coffduirtion. ' 

As used bcrcio iHgardijuj the gca^ of the poi^ien of oil fslviXe 
to be t3n&3Lted« the "aver^uge grade in galla^s per ton by Pisctjar 
Asea/* refers to the follcwung: T^ifi dab^-Adjiaticei^ii? or 1^ 
equivalent to u darternitiatloa ccoductod substantially an dj»3criJted 
in th? ASlti Sbandard Test Methnd li 5904-60, Cnifihed row ahale is 
i^oflpldd by rif fle-Bplittliig. *Iha detamSmtlon of tiao {Sfojtit o£ cxil 
plus gas enqviva-laiit available' from oil s>»3e is icede by heating tlY^ 
r&f%^ shale frcioi anAaient Un^ratuzc ' to SOQ in cast aiunumnn^ 
allo^' retorts. Hie vapoiiz» distil led . frcei tin sssorple ^ira coolecl «ird 
tha onndgrxqed f ractioii is oollsctecU The oil and f ractioiis 
ard £P9parat^/ tlie vrater voluir^ (oeo.i'tartBd to weijgtit equivalent) is 
mraasured and aubtracfcad from tho oil plus «jtatar waigbt» 'Ifhe we.l9ht 
of. uncondonsabifi ^laes evolved Igas-plus'loss) is then calculated 
by difference, 'ihz gx^Lde, as used in Uie "gracb tijnes tJiicJcnfiss in 
nertres of oil eiltale** product, is the gaUcns of oil plus 
Itydrocsarbofli gtis eqoivalent corresponding to tJia total ^iqht tjf nil 
pluu hydrocarbon gas cvol'yed fay the hRatdj'^gr* 

The \t9t\\ti are ocnopleted Into ttie treotcnent interval ajnd ar^ 
arraiigcd to pix^ide at least ocne each o£ hfiat-lr^jeeAdrt? and fiuid* 
pcroiucing \^ll3 havlivqf boraancdos which , aQbatantially xJhocaughout; 
tl)C troatmsnt inten^ol, are substantially parallel sind ars 
separated substantially equal diistaoces of at least about 6 m. 
In etiuti ]:eat-*injecting trell« 9ub3t;a(itlally throughout the treatment 
intonrai^ tho woil-surxdanding face of the oil shale fo uuit ion is 
leaned vith a solid iratorlal and/or ceovint vfhLch is relatively l^t 
onordi'atiw and substantially fluid ixnpetmBahJji* In each fUild- 
I>rtx3ucing m»11, subjjtanCially throughout dio trsatarsnt interval/ 
fluid ouTmanicaticn is ^sbablished bots^son the wail baocehole ioid 
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tiiQ oil 9hale fooraBtion ojjJ ttve weM. is arxajngcd ior pixxiu c i m r - - : - 
fluid frcari the oil shalo fomuititm^ Rie ii^texiM: oi each. 
hCflt-injectirQ w3i is boated, at least sobBtanftiaUy tlircjgfacut 
tUe trcatjiiirjt intflrval, at a rates or rates f>nvih l p- of (a) 
tncreaslng thfi teapBrwtiTre withiii the borotolft inter inr to at least 
a^yjt 600 and (b) malntai.nlng a borcholfi interior tRrrparaU^re of 
at ieauat aJxyat 600 **C without caosing it to bGOOOia high enniigh 
thcr^Linlly daraags oqul^xn^t within tisH borehole vhlla tJie rate 
which hoat i^ generated an t^ horebol^ ia &iib«timtj^32v equal to 
that pennittcd hy the hd&t cpowluctivity of the oil bhale fotsrafcion. 

In a pcie^erTed oitxsdi/ient of the preset prooesft# tha. Aut^-ial 
for doaling the face of Uhe oil fiihale tocnotioa alcffig bhe borebolo 
of at leaat cofl baatMn-jecting well ia a cla sf d hattm nasriiig 
qroiTl-jed b^' ocaiunt orxargiad to fiU substaAtlally all ty£ tha spats^ 
hstxsesi each outemo^t nataUic elencsrC present: witJiln tttts intos:2£>r • 
of tl^ boicehnla and the adjacent faott of tha oil ghalo fooBtioi^, 
^ith aaid ocmant having a ttiemaL oca^aixctivity at loast 
eutotant tally aa hi^h as that of the oil sJiala fonttrticxi. 

Deteoxmatiana am nods of variatloci? with dopth ill tha 
oatpo&itiQci and jxraj^rti£& of the oil sh^le deposit and. Id a 
particularly prefenrxed pnxjcduM, baaaJ dn tha vcuriation with dcptli 
an the h^t oondustivity of the oil shaXo dapcait, tha h^i^*- 
ijitiecting vrellg are Iifiatad so that relatively hi^w ccacpcraturos 
are ajp^liad at dapthe adjacent to portlorva o£ the oil ahaXe deposit 
in thd haat oonductiivity ia relatively low. In addition, or 

altamafcively, tn varlcrjiB situatiooa, tha effective radius of at 
least om lU3aft-in jectiiig \»iX is increased by craatirm an expanded 
pOiTtion of the well bordluiib and BXhending heat-cooductirtg inatal 
e^eEients Itod within the heated well Intcrlrar to naar the xoll of 
tlia expanded portiOD of thd borehole* 

the pzearat prooess is valuable for use 4dthia a txeatinert. 
IntfiGa^al of oil shali9 vhictt oontalns other valisabla itdrtaral^ auch a? 
dawaonitie and/or naboslite. In auch a situation the preacaot ^txxs^sa 
createa a pentcabla taam which la selectively located, withiD tJu^ 
tre^tncnt latorval itnd aubataitially within the JxTundarics of tho 
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wtaZI paLlzcn] us<M the oil pro^iacticn* Tha refwltani:. vcnnoabid 
Txme' in a KXOd frooi whicb sach ot-1'tcr minerals can faa fmlnticn- 
mimed* 

In 9eo9ral, Uie pree^ot invent lion 13 appli0ablc^ to 
subst^ially any ^ubtccrcmaan ail BhiOft deposit oontaioirig fUi 
intcrvAl of »ubetanHally iiiqpdXciKaabXfit ail sbaJn wMch is 
subataiM.lally £rco of nohlTe vrac^^ is irufC than .ibmit 30 lu Uii.c^i- 
EiTid has an adcquatd: averaga grade in gallons pOiT tuD (Pincher ' 
Assay) to give a giBda-thiukriesm prcxSuct ot about 900 or gx:eater. 
Uns ^tvoto^ grade of the hinted Interval should be greatex Ulan 
about ^0 galide)& par tan (Fisclier i\£say> . Vflthln thsea Ilravtatlcnp^ 
a hipjw 9i:adc^bhicktx>&8 pocrxluct i..^ inareasingly desirabla if othar 
conditions such a? depth mtaln tksa asm. 

ij3v<*ntian will jkw be cxplainad in greater detail wltH 
iref^rerjce to the aoocjopanying drawings * in wliichs 

Figiura 1 shows a plot of relative rate of return (KR] for 1982 
US dollord invested lit instalUn? and operating tte paxx»&& of thd 
prosont invention, a? a functlca of oil ehale grade*-thidcnc32 
(Gyffni) {product, to pxoduoe shalo oil at its L982 valu9« 

Figuxe 2 illustrates a plot of thsznal profllaa at an 
ci^&drvaticn well regarding teit^eraturea nEsasuried at different 
depths (D) and tinea within that XA^l. 

Figure 3 is a plot of the radial thsamal profile at tha 
rtdjddle of, a heated r,an^ aftor dliferent tiznea of heating. 

Figure 4 ie a plot of thencBl oonductivitiefi paaralXel and 
p£irpeiuilcular to the bodding plariaa of an oU shale as a funcbioo 
of tcopcraturd. 

Fiqunt 5 is a graph of Pificher Aaaay yield with dspth (Dl In 
an$ abam a hearted portion of suhtserransan oil shale. 

F'igurcs & auJ 7 axo plots of hciri:90i)tal and vortical 
tenfaerature profiles within a heated portion ol^ mbtercanaan oil 
£]^alM fooonation. 

Figure 8 ie a ecbeenatio illu&tratioci u£'a poctico of a 
batplction arrancieiirpnt soi table for practising tha gzreaent 
iiwentixMU 
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wZI pactona us<&J .tor the oil paoJucticn* Tha resultant pcnmpaihia 
Txmf^ a zon^ txooi which wacSn otJ'tor mLncrals con ba soljition.- 

In geoecalr tJts prfifisnt invointlon Is appli<»3>lc^ 
&tJb&t^titia.Uy any subtctnmaan nil .ihal^ deposit ooataiDirig nn 
j.ntcrvfd of »ubBtanHa11y ixTpojOEnr^lft oil sha]A x^Kich is 
subsnaiM-ialiy £rco o£ incl>l1.e ^K^i la irurc them obnut 30 la Uii.ck^ 
arjd has ai) aclcquatc avefa.<g)e ^rade Uri gallons per tuo (PicK^n^ 
Assay) to give a giBdo-thickrjdud prx:duct. ot about 900 or (ffe^iter. 
Ths d^voroigie grade of the hi^bed intorval i^jould be greater tJxan 
ahmrl: 10 gaUotifr per, tan (Pi^di^ i\sfifty> . Vflthln thaea liniltatJLonSj 
a hiC5fi3r gi:adc- thickness pucoduct U incrca3lngly deair^abla if other 
conditicns such a? dspth rctneLln tha sania. 

invisntian will new be ^plaiuad in greater drscail with 
irciferer^ce to the aoooetponying drawings^ in vliichz 

Figiurs 1 shows a plot of rela;tive rata of ^ rctuzn (RR) for 1982 
US dollord irwested in loftt&IUiig arsl Qperrating the pitx»&s of thd 
prosont invehtioD, a? a fwictioa of oil eihala grade^thiokocdG 
(G>fIII) lacoduct/ to pxoiQO& shalo oil art its 1982 vali?9# 

Figuxe 2 illustrat£a6 a plot of thsrnBl profllas at an 
dbs^rvaticn well reg&reSliig teieiperitturea cnBasuried at ^fficraat 
depthR (D) and tinsm within that woll. 

Plgure 3 is a plot of the radial thsamal prafilQg at the 
ndiddle of a beatetS i;ane afteir different tinea of heating. 

Flours 4 is a plot of theonl oandhJicti\dtLB& p3xallal anA 
pcirpendioular: to thd boddiiig plonea of an o> \ shale as a f luiotion 
of. tczipcraturd. 

Fiqune & is a graph of Pischer Aaaay yifild with dsptb {D) in 
arvtf aboiid a naort^ portion of std>t3errBn9an oil shale. 

F igures 6 aiiJ 7 are plots of horisoontal and vortioal 
tmi^ierature profiles vithin a hisated portion ot ^ibterxaraan oil 
sJ^ale fbmatlon. 

Figars 8 i6 a sdiQEnatio illostriitica u£ a pa r ti cn of a ^ X 
cafpletion arrangairpnt soltablo for practising tha gireaent 
iiwenticffi- 
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pyrolyzijixj shoald )» daria in a portion of tJto ijrpiirr«^l.c fomeitiOBi 
which l5 vertically oofntigiioua to □ ^ll-Inturourrjectiuq fraotiu^ 
or a lacyer vdild^ >»b different gtaologicsi character and is 
5 p«njieal>le to flow o£ the fluid proiSitftt.H of the hcatixig car 
jpyroIy.iAfl, , ' ' 

Contrast' to Oie Ijcpiications of sxtcti prior tAachin96 ai;rt 
'beJsiefs/ ap^icaats diacxa^MiriSd tlvit tho preagrkly described 
c[3nductive heating procsess is escoranically feasible for usa in a 
Ifl aiibstantiallv lirpenreable subtexranadti ciX shalo« Tf>i9 not 

obvioufif particularly in vIesw of the fact that tha preswit prcccsfi 
uses a wucii larger well ^patiing than tl»t u&od in tha Swedish 
proness and the preaesTt ptbccs* is condnctea.by heating tha 
injectioii wells to tenpscatures of at laaart about. GOO "^C jaidttoogb 
15 600 *C fcias bean gaid to btt cindiacive to m ticoaauwaajy urxteneyblfip 
hiwt-wistiogr . €5rjc3bthez3nlc roactioo?^ see the Oil Shaltt SynpoainiB 
Ptrjc^^edings CDentloned above) . 

By ineans of lAtxsrattary ai:d field t^t tneasnraienta and 
ixiathematd^al oocIqIs of the present: prooosa , applicants have found 
20 tliat whaa tha W9l]3 aro spaded, ccRcpleteA, aud opdr^ted an ' ^ ^ 
preoeutly <te g c r ib ed ,. the only radian in v^ich baat enar^ id 
utilized ill an endotimrmlc resictacii amooots to leee then d^xtot 1^ 
of tha area to ha heatod, and tha energy lost in that ^fashion i^ 
ineigiiifiosDtt^ af pp i i canta havo inda&ured the rate at t/Alich 
.25 ; eubetaaitially iitipoantHabla oU fjl^Le fonnatiana are heated J;^' 

oonductivity, and hnve dstanidrad the anount of hoat required fcr 
pyjcbl^'wlng karogen and thenrnally ixpassurissing the pyroly3is 
produste to preesures oapabXe of fractidrling a rolativ^y deep oil 
Bhailje ^arnntica and themally displacing pyrolyeiB prodncte through 
.30 tha ao-craated pentBaJjiliti^ 

tha data obtained h^' such tn&di^'eni^ita in the f idd aod in the 
% laboratory )M3Mm bm cv^ic^'ed in oaloulations n£ power roguiro- 
n«nte^ ocanonLcs, tiJtfti to etart praSactim, ptt^ject duration* 
acnounrt of iircauctiott, etc., in mathenatical sljmiatian« that 
* as oaureXato wiWt the field and laharatory data and itidicata the 
' tna^itwSee of aut^ factors io iieepect to a full soald prrraa?*' 
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T)x)!3e oalcvilatici^ ijidiratje th^it thp pro-scntly definerl process ij? 
tha oniy fihala oil. j^rcxtuction x^txxxrs* of whf.ctt ciyylicanrji aco awara 
w)iich l3 capable of cccciarically oiJtaining oil Trcfli a j.-elativcdy 
Iw grads oil Kha^e fonratifin, soch as mm in which tha Fischer 
A5Siiy 13 dil/ is gallons or Isbb psr tan. This cat>ability can 
Increase the petxoleiro vea^yvry^ o£ a 8i9vi f: loruit propcarticti the 
oil slMiac londfl by d i:<JtAz>r of slx- In acWicicn, witii respect to 
-prooessec ior ucvdergxouiici minjjtg an^a fltxiified in fcitu retnrtiJKj oL 
oil/fAiaJe, thb pi-«oenb pix^ceas irignifioantly .-ijyrjieaffcs the amount, 
of acvaiiiihle xeaa^rxiiw liy elimiisating the na^i:! tar support jpiiiarn 
and ixitorburden betvASiCo ndning zorias and by pcoviding a means Suz 
treafcHng snbetantially all of a very thick w^tjer/ed of oil sjhalc. 

The prefscnt pmoes? can sdtrantjvjooutfly be 6;pTi«d to an o.il 
Ejhaljct ronnatiqn in which there is sjignificant conrsentratiqa o£ a 
mineral »jch aa ?3aMoantfca or nahoolite. In iwdi a faiTK*tion tbe* 
prooHfls prcwidau a pemcablB zcxie from wJ^icH <ujch a iituieral can be 
macvered. in addition r the f jce a gnft procsss is particularly 
adVTantagaciu) iii cc3nverti»9 dawsonito to wator-a^iUble caGnpourula of. 
alumniiitt (prrbiably rho-aliminaj which have b(aen {hcxth chsfidcfllly 
and phyeically) irade available for aolution^inlng to ptoduoa the 
alUTiinim — an eaaaitial iflatxariaJ. which is in shnrt fwpply witliin 
the united States.* In cgntxast to many previDUfcly proposed 
prooessscfi, tbs pxioeos of the present imiention roquires taib- 
stontiaUy ic ««tar, iiwolvea minijnal larjd disruption* and can ba 
condLicted with tidninial atmssphoric pollutlccri. 

Figure 1 ehcwii che ralotira rabs of rotum for 1982 US dollara 
inwsted in instaUiug ai^d operating tha present ptoeeaa in field 
oppl3 raticns t>iat have boon mathamatically nodel.ljed frooQ duta 
ol^tain&d by field and laboratory nBajmreiWDts. 

HyjiMPLE 1 

A o^riefir odi injectkm and jiroductioa walla ifs drillad into an 
oil shale fomution 4B m in thicJcesa with 120 m of ovcrburtteiL Iha 
dvtioge. oi.l gradia of the iutfir>'al is 20 gailoTiS per ton aa cletcr^ 
iiiijifed by Fischer Asray* 

TiiK vreLl. pattern a ^oven-spot with each haat injartoc ab 



tha csjnver of a rogalar hisxqi^sn guncuncllng a oontral pra3ucincr 

tS» s»pacirg is 22.5 %}jatwean prrxiucers and.Jj^j4:ctofa. The" 
pattern repeats vrith ptoAaccsrs sharing tha ioj-entnra in cacb 
airectlxm cuid aontiniies co tono a fielcHrflffrt pdrttei?) capat)Xe of 
prcx^wcing a quantity of oil. l^^. injector- to^TxlucBr ratio 

apprcachea 2 to 1 in a large ±ie.l<!. Tn Ifbon^lc 1 tntal oil 
producticffi la 23 p 000 barcele per eSay thQCOjg)u7Jt i±iO lliu of tl:u 
pajoject. 

T!h^ injection elecbriCAl haatEara are crmanted ii'kto 

fonnatlon £uid ocinnazbati to a pcwer 9DUI0Q on tfao aorface. The 
production wells axe oquip^ with Btandan^ oil field puiipu for 
llftintf the prodooert oil to the tiurfaera* TV«i electrical injoction 
rato is 3*23 x .10*' rflW/v»n per day. Ihs teRt«ra±ure of the 
jujectOTA Littaina 750 'ihe -proaoction wile raacb a temdnal 
t«frpiH:ature of 300 *C after 33-34 yeam of opcrat^cc- Productkjn 
oviee thlA period averages 5-6 barraln/cky par well, with the 
avoEagc taxcbut active producing wells b^iiag froA about^^oOD to 
5000* Eloat con&iMptijan is 1*1 x 10'' iJJU/barrel of liquid oil 
proioctinn* 

Gaaeajs prodact3 collected frcm the production veils my be 
utffad fcr cm-^ite gerwQcaticA of cioctricity or otfter pjrpoflea* Ihe 
oil-^phaao potrolciea utfhich id m> prcdoced .is superior to occft- 
ventionaily retorted sIiaLa oil. Taa rtelative rata ot return which 
oan bo expecbed txcat the 3!^anple i situRtion i& illuetratad by the 
"iSX- 1" fiituacticn daeignaticm an Pignre I. . 

A seriESfl at injection and production Mells arc drills into an 
OV..I aiialo foiTtatiOD 225 m in thickneaa with 300 m c4 cwdjwrden* 
The ai'^age grade of tha oil -Sliald inberval is 26 gailoe^ pcir toa , 
an (if%termj.ned by riscber as&ay. 

Ibr) XM>U pattern is tlie sane sovoa-spot d&sorib^ is acanple I 
^xc^^t t}<a £^iog isi 13. & m between ^^alls instead of 22. S n. Obbal 
prodQ^tion ia 25,000 beurr«ls/cby txouqhput the Ufa of the pro joct, 
The injector to ^roducor ratio still apporbacheii 2 to 1 * tn the 
;i9ella; the heators «Eid production tiquipoent ar^ siiuJar to those 
<te^lcrih©d in ):icanplB l,^ . 
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./Jta ftDcctriotil injection rate i3 10. S3 % lO^ Bro/waii .paj- day, 
TVtaJ ijii€i;:t3/:n Vtcll tai?»ratuiisH' r«Jv:d"i 750 'C and tbe p/taductifjn 
wells raach a f iml tccipcratiire of ."Jtm "C after a pucodiiction life 
of 9-TO yo^it^- Prodoction cwRr this poriod averagas 42*-43 
f> barrel si/<^y per wll, with tha 3viera<3e nuiter o£ DctivH prtxJiming 
Willis being abcut 60O. thn heat ccnsiuqptioi) is fS«6 y 10 TT^Vbarzel 
c£ lic(id<? oil produocoL 

As in £xaBipIe cfageous prudiicts can ba used for cewiitu 
power gciiorjAicD or cTther purposes arid tha ii<.]uid proSuct v.l3J )» 
10 hi^hRT in quality than ccnventionaUy retarted shaLa oil. Hib 

relative rate of return vAiidi c:an be expacCe^ 19 illu&itrutGd by tha 
""I!^. 2*' Situation (SeBlgnabion on Figure 

Table' 1 lifita aaibinations of oil, shale griaian, thicJcne!39id9 
az>J grade^ctildcnscs vsKodiicts -whicb are generally isuitahle for un» 
IS in the preami^; prooe&s« Ttitt relative poBittonJS of suc^ gradif 

thidcru^tis (a-oducta v>ith respect to the relative rate^ ot flneo^cial 
xetwcn are illuattatfid by ttre designaticm "Pr^fertiati Ronge" (P.R.J * 
and "Eepe^iaUy frcforrod Ranga^ fB.f.^,] on Figure 1. 

c.^ratfe {ggdloog/tpp) . 'R iJuctaiegs Gbrade x_Thictenfigg 
30 30 50O 
20 45 .900 
10 90 90O 

* 

Mourta desirable grad9 thickness egcaopltia axe r^om as fQllc7.>r3: 

Grade |craiIonR/tt3n> 'taiickno»sa <x&) Grade x Thle:lq>fi3g 

30 ITiO . . 450O 

7.S 60 - ISdO 

2<I ."300 6000 

15 . fiOO 9000 

■to 225 2250 

ZQ in gEanaralf t^ hlgtiBT Use grade tbidcn^ft i^rtxiuct t^ raxe 

Ocitfirublfs. The practical aE^plication io lliidted only by the ability 
to hsiXt the deeirsd inten'a^,. 
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Field tt>3i Hcasumiapt a 

- itast© A«?ai^ conductad in^ an cQ tc r qpping oJ: m ox\: shale 
fomatich v/hich is typical oi uubntanciatliy lirtuinEsa^B aiv3 
relativoiy thidc oil. sMLo d&potiits- Thirteen borobolefl were 
ariXIed to d^aptha hetMeen 6 drd 12 ui and ^-mhr arranged tz> piwijde b 
pattern of beat.-injiictlixi, ob^ervaticn ojvX fXu.id-proc(Licticn 'a^IIa, 
wltli the borehDlci& Lelog spaced ^bout 0.6 xn apart in ordc?r to 
provida a ralativeXy n^<l aoquifritAcn of diita. Haat wan nn jool'CCi 
at a rate of about 1000 wattfi ijer netre for five daya. After tSct^ 
haat^injoctiotL ^i&ilX teirperatuace 1:^ ziKichied 4S0 a tcnipCiirutura 
iaU-ofif test vaa run for cine day. ' 

Figure 2 shows the vv^ioU thjexsal pro£ilQu in an c£)59cvat:ioa 
wellf as a function ot ti^a^ The data wd« fitted to a Illath^cIlati.ca.'V 
?al.utian di&ecribing the tccnpstrature difltratn^tion around a 
^inite'-length llnu Hoorna uisldG' a jnadium of thsocnal oondactlvit^ 
{parallel to beddit);;}} 3.25 nral/cn^sec-'C aiid thaxnol ocr^dacrtivit^y 
(poonpendLcAilar) mostly onb-fittc^^C* specif Jbo liCAt caixicity 
iitilized in tto caicolations was CGsputad f ran the tliemial 
cc3ndac:tivityy thaxnal diffosivityr and ovaxaga tTulk density of 
ODreB xa; w CTiBd during drilling of tlia iMlIa. Tha tivsmyplTy^ical 
prcpaartiea tar the tha oil b^iala in which thQ taattf vera ccnductJad 
are sumnarizfid in T^2b 2 . ; 

TftBLB 2 

llnitial KcSfirvoir TEXiq^aratiirie . 9.$ "C ' 

3 

nulK DCTisitys 2»2D 9ai/an 

-12 

Thannal Diffuaivityi 6.S x 10 on /aao 

Specific Elcat edacity; 0*224 cal/gw 

Figura 3 , ahcxif? radiftl pio£ile« oan^ted far the iniddld of thB 
]\6atcd 2qau> for va]d.cnas heating tlmafl (t) « At the end of a 
tsi^pefature build-up ttmt of 140.5 liourSr tha avataqa fonration 
tenpcrat^uco but^tfeea tte haatao: and observatica Mil was i:^ ^C. 
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^ V Piguve i shcwg ' a oanpar tSQan " of iatxn-atcji^' Ages' htv^ "f ij&ia^ ~ 
Llata rfcilati'/(? to the tharnal o^indyctiviQ^ jjtirallal tn grd 
pcrporidicular to the baddiiv^ p^ane-S or the oil 3>tiilc! fatnatiarir aa 
a function of teioperatura- The laboratOK^' ooRifiuctivlty itoaauntotifintfl 
were niodc a\ soXiac^t orsnph^u of oones fran the obzcrvatiou VK^I1 , 
iiAing <KiToe coTO^ cut pekTalldl to and cat pexpeaxilculiir to tlto 
bedding pians!^, A rvi tro92}Witnc£pji)6£d wna used to elisdnatis 
.catidation reachim* rThn ganples iKexe ccnctralnGd in tho vortical 
direction hut i«»r« free to ^ocpapa radially, httex tbs ssniplos wiexre 
heated to BOO ^C; tJiA rAdi^l expaneion averagseS \.43%. As chCMn in 
the figQi-e^f the laboratory VAluoft ore in excEtlXent agreecosnt wlch 
t}\£i valUBH ociipat^d frnre ths field datdu Iho taiitii iixiicata t^jst 
the tbencBl ootfiductivity ia icR«eT In t^rte direction pcfpfe f ji ^ic ular to 
tha hecV3in9 piano, bec»u&& ki^xo^an layerjj havQ a lover condoctivlty 
than tha dolCTidte matrix. At tcwperaturea helO(# 100 the thansaX 
conductivity lu es^ienbially ieotrnpic, as cbservod In tho £iL>lc3 
tests. 6ut^ tha-t osotductlvity boocmeQ incxeasin9ly anisotropic « aft 
tha kierogen is icoDvedt (at teiipertttazeB between 300 and 400 aiul 
qan begins to occupy the s^ogs betMoan tha layarn* Abcwe 700 
both tha par<)llel and jperpendlcular conductivity dsacreoea ahaxply 
dufi to the d3$c:ap:>!)itim of the aoloBdte ajid evolutian of CO^. 

f^hon a subtcf r^mfi^ oil shala fioxnnticsi ia h!»ted tha oil 
ahalR «?xp3(nr1s as the temperature incaxutedft/ When tho oil ahale 
tmt^ratuze .xeachas a kerogefi pyroly2li)9 tcnporatxire {fear eocoitplo^ 
frcm about 275-32^ *C) additional expansion fcocces axe genwated* 
The kercgen is converta) to fltiid& cnpahln of occupying a larg^ 
volume than tha keto^anr and such fluids becocne increasingly 
paceagwrized vihen the tenpejrature ia Incrcfa&od. As rnc^e £luid i6 
C-oxaxid and mdre fluid ia heated hydxaulically Oa^/^oced fractorcs 
£om vitJ^iu the oil ishala £oi3MrtiQn. 

Fractures which arc liydrttulioally indmed within adaterranaajn 
Garth toxmstianB forn along pVmes perpei)di.a3lar to tJio loa&t of 
tha three principal ccopnefl^ive stnesse? (i«e»/ .one vertical and 

■r 

itutually perrpsndiculex horizontal oocQTeseive stcesse^) iA«hich ^ 
cxi^ vithia eubterranean earth fonrarticsi. Hbirever, Mhexe the 
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KydrauJAc^fracttirHR ^j^^^^ bo _yertloal, hcari7;3n-tal fracliarec can 
ba fcrmecT by injtajting heatpd fluldo go that tha *aXLn of tJ^ 
vertical fracturco am lusuted \3ntaJ they ^ioll shut. 'Difln, by 
LucrcAsifug the fluid Injectio) px»stiun» to greaier- than i^rarburdKn 
pressoTOp a horizontal fracture caa^ b» fo^^ned, ffucJj process^ for 
tJiennally ioducing tha fonmticn of hcrizGeital fracturec by 
injeccuig cixtcmaliy heated and presoTrized fluids aiie clescrlbod in 
patenta fnjcb as t]ie .fito«/d-iii«otiored US Pat-eot Mo, 1,284 ,78T; tJ3 
Patent No* 1, d55*. 31>l by C.S. >iattha)«r ^» Varm-eoro and C.W- Vtolek, 
flnd X3S Patent tfo* 3,613,7SS by P.J. ClOisnann. 

Ap|>lj.CB}its have iio/ diBag\'«ar9dt that wtien substantially 
ijitsmeabn e siibterrafjcan uil ishales haTlncr tbc prGiSsntly gpaH Bad 
cciLi>lnatio» of grade 9nd tMckDD&& we.ro casductively hcabjd av 
prcsGcrtly B);fscLtieA,f a ?son!t of xxmnewhility via idevelcped bot»een 
wells wltHiii the oil shale,. Altt^^iagh die pXGO&ut invention 1? hoc 
pt^EH^ on any particular mechanisn, in blie coureo of fiucfa a 
trcatar^rrt .the heated oil shald behav^ as thrcgb it subjected 
to the abovG-(£eB>;xi^3ed typ^ of proaj&ft for thai^aXly indocing the 
f omatioR of horizontal fractares. Sadi a beh^wioor wa* ix)t 
predictable* siJioQ tha pi'MRcnt pcroosss ii^lcperated without any 
injection of a7t>' fluid. It api>3ar8 that when the present proocdt) is 
cporated within an ijrpemeabla oil shala, tt)a Id aitu geneiratrinn 
and d.i.q>laoemcnt of haated azcl highly pressurlzod flulda oocura at 
the timee and to bhe cxtenta raafftH to successively extend ai'id 

ft, ■ ' ; " 

botleccTtally fractuno through sucootireive partiana of the oil shftl&p 
whsn th099 pcortiona faecoire condoctivcly hcatod. Hha zona faeizsQ 
htiaited appeaxs to undergo a relatively unifocD, horixGcatal^ radial 
expansion throuugi)^ tha oil etialsp at the rate set by the th^nral 
cooductivity df ths oi.1 shale. In eacfa duoDesBiva location In v^i(^ 
a Xerogen pyrolyzij^ ttsiqpciratui'a la iea<±BA« fluids appear to be 
fonred/ heate:^ aiid pi>53surized bd tlsat atd^atantially any vertiool 
f rftLTturas vjhicb are forraed within tin heated zona are subeoetuantly 
cotjvertad to harirontal fractures. 

i^llcaottf' tests ijidlGated Chat sid^stttntially all of t^ 
•fluid pyrolycis pro:3ucts of the oil sihale tended to ranc^in in at 
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TjQKt diD iiX3tiot» -ijri-vihich the^' wsfre^ Uicy were' ' 

displaced, throogh substantially' hxM-i7ontarfrttutiixCT iirto veils 
adioxiilng tho Izsat-inniscuiiig wells- In ndd:i,i;ion# tho fracturo- 
ir&hicing presstno of fluids in ttis l^orf vinntal fiacturca apr^vrrB to 
liavo buen ):^oed as tlio&e fluids cxpeisvted sna Tiere ooolei as they 
laoved away fxora tha bottMt pcartiaii.s of tha h^«^ zone. 

1tOQ9« th» pnoBDt proo^^'seeaiB to lndi>3C thiE^ moving of a zone 
o£ kero^cnr^^rolyxiDg teo^aeratures thrcix^ thB oil shalfe 
iimadiat-ely behlod a zona of J.jocall2Gd Ciiictnclng io vhlch tha 
£rsK3turiea axn^^ or socn bacomt^ hcrizcntal fcacbirea, Ite hcatiiig 
and fxa)6turiAg sanea seen to undorgn % substaatiaily onifoncu 
horisoncali radl&l <dCpanaion bhrou^ th2 oil shale/ utitLl the «one 
of: fr^Lcturing reaohoft a location (sooh a6 tha borQi^o:^ of h 
production \ff9li} frcn u)ucb tha oil s^Yilc esyruklyaie products are 

' In addition , nppH rants have di&ccTvened t^at> 'at least wham 
tha overburdes^ prossurs ia aiall^ the zon» of pennrabillty that is 
created batwasn adjacent wsUq rotaijis a significantly hx^ <2iagxeB 
of pcritfi2d)ility after the fonbatlone have cooled, Tltua it appears 
ttiatt <3fvan if the ovextiordari pres^oiza ia higb^ an a^licdrtim of 
tlia present prtcefis ie capable ot forxoing a vi^l-interoQiinactiAg 
zcno tn Which tha penneability teimina high oe can be readily 
restccred by an injection of fluid after ecne or all o£ the heat has 
dissipated* And^ the d£iqre& and locTaticn of that peiKBability cab 
be ocntrxUled h^^' coa\tzolliag tha rate of rcuno7ing iloid £xm the 
producing walla. 

The data Qbtali:ed by maatiureiienta iu field teats of tho type 
dencx^bed abor/e i^^exw incluaive of: the thernal ccoductivity of tha 
oil Bi^hale f oxicatimj the ARoant of oil reoovcrabla by Fiachcu? 
a]ialyrsl& at variooa deptha vdtiiin hearted inteivala of the oii ^haXe 
before and aftor huutingp the neasurGnecsrt of the amoant of 
pymly^ie prodostfl fOOOMered, and the like. While no ooommiciAticd 
QKUti£d betbrtoan heat in^octoca and prodooers at taat staxt'-up, 
injcx±lcnH u± the end of the test dencDstzated tJiat peoneabio 
channels had foznnd^ Qre results of atandatd engijuiezin? 
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~ ^^lcii3at\6aa~irerc ijxiicat3.v« of tJoe an>ll£>abUity «f a cwicep*: of 
the t.>'pa ^te-rariJDed obCMi to the tT*J5ult.*! dbtainad by tJift teatg, 

Fi9i}ii>i 5 ir; a <5raph of Fificiiftr Af:cAy yields / txiuca the tarqnn 
zone in the field tept, as a l:\mc*iun df^JcJi 0- heated 
5 lm«rval oktonded from 4.2 to 6 lu. Hiu HDlid curve shcw-s die yiclda 
hHfore the heating trualiT«nt anA t:h& claeh^ carv/e Rhown the ^deldo 
aftjf^i: TTftorting was oczi()iatftd, ^iVte yields bafoni ard After Mnrc 
. oussntialZy ?9roB Qrat£idc tina beated itit-jerval. Ite mcasuroncnts 
were auudb oa uurea frcxn the centre of tha patJ^m befr^iB heating 
1 u aDdt on cores about lA csn aiva^ after hoatiii?. Tha variatione 
. are apparei^t iu thosd yields are within the nt>rraal lunita of 
aoouriicy for tha rnKuiuring of ^cfa vaiuEo;* 

Wttihin tha hea t ed interval the FiscJusr Aasay yiaJd drops frcra 
on average of 20 gallaia/ten* before tihe tti£t tc than 2 
]!> gAllcoa/ton afcer lieatintj. 71» retoortin? efficiency within thes 
^oocesfi ecrts Man bhua better than 90i of FS«c:ber Assay* 

The pattarji artd extent of tho i&xmry 0f5nfinn» tJre fiict that 
little oil WAS lost ovtar the producojig liorlzod tiircrji^ vertical 
fractures. In addition, tha unifo^niit)' in rotortijig efficiency' 
20 thruu(jh the heated zcne, Indioatea that therrol fxonbs wore 
OEpraxiKiatGly unifozn ewer most of tha heated interval* 

The unlfortnify of the thermal frodits is even ntare apparent in 
PigoTRH 6 and 7. Itisy shew h:irixantal and vertical tcnperaturc 
profiles balouLated for a eet of vertical heaters in a f ive->3pot 
zr* square patto^n. aha set uaad in t])e calculatictss included fcmr heat 
inj<5ntc7ra and one oontre produoar (not .slwn, but centered botwaen 
the heaters isnaoma eo the fi-gnrea) . Ea<di licator uas asauced to ba 
?A m long and heated ab the ratd o£ Efl4 N/nu 

*i!he profiles la ilgure r> (graphs of tooporature variatiohd 
30 with diataiicae froo the hcartera) ware calculated along a horlzcanetal 
so^oot 1^1^ ^<hich axcanda thrcuc^ the cnid-poiota of haatera at 
n^^pcsice comarg of tXA nqiiatie* Figure 7. Is a Riml Ur <fraph of 
profiles aloo'xf a vettical a^ment 1^1^ en the axis o£ eyntretxy o^ 
tho pattern. 

36 Such calculations indicate that by the time retortli>7 
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tc^t^sratures) {27^~^7S ^C) etft: reDcfaad at tha centre Of the ijattcmp 
iioro than 87% of ita voI^to- hA3 been ounwrtud vAxLla only ftbout 14^ 
of the convBrtfid voliro* was h^te<l to cnoro than 325 *C PurthennGDre* 
tb9 calculations irdiCELte that If tte pawcx is tui'Aed ad± or 
redarvKS beCor^ the oc^tn^ i^actua a taixrnt teirpcrAtuLie aitch as 
3;i5,'*C, the 3«vellirtg off of tfcic tbemal frooUi will still haat tJ» 
cesitzc o£ tha puttem to retorcisg toatpomturev ^ wlU also 
rec^uos tho teAfxarature ri^ at the hc^ttsTd. Ifais ooda n< opcxaticn 
can. ensure that lci» than 10% of tha heaeed volusnD La lioartai to^ 
jvcM than **C« aM thus cao lxx:xeafitt the thermal efflclca^ of 
tl:e ptocefia. 

Xn.viGW of thd doove teat xRRults and tho oalcjlntrioiw baf^ed 
cm tlinae resold ^ it appears pat, ujDtxa to the porljor ttiocbings 
otnd beliofa, tha initial ijppitflrftnb-i lity of an oil shale <aLp08lt cun 
b3 utilised aa an advaiita9e» Ihc initial invexinBahilit? oonfij^ > 
the fluids and fractuzev within the well pattani/ sixtcB aa 
pacneabUity exists until tha eoQt hetween the heat-inj^ctin^ and 
flttid-"pijc3duci.7iy ^w^la becoDC pemiiiated fay a pottezxs of heat-inducod 
hocizontal fsractiiives* 

In thd pzesEsit pacoce?^), the rate at umch hBat is tran^rritt^d 
into the oil shalo ddc^ofiit is atics^y af feceed by thSf t a wp o r ato ro 
gradient; between a h^t-injectiog wall and tiis aurronndiiig earth 
foncutlbo; In a prefaarred prooedora, tha datetninationB of 
variations ffitfa dbi>th iii tfie conpoaitsjon and properties of tirie oil 
shale depoait iiiiclvde a dototmination of the pattern of heat 
conductivity with depth within the earth fcocnaticna ad:^^t tc the 
heati^injecblng woll. Dased on suycti datettninAticzis ths tenperetUTfis 
to \A\idt\ At leaat cna heat-injecting veil Is heated are arranged to 
ba xe-iatlvely hi^ st tlie depths at which tha heat oandactivities 
of tha adjacent eaa±fa fbxnations arc rolatively low* Thia tenda to 
oausd the rata at ^Aiicb heat ie tra&saaittcd throuigfa ^ earth 
. tomatioorva to be sidaatantially uniforni aXoci? the axis o£ tha 
heat-l7r>ecting viell. Known prooac^ireB can be T^ilized in ordsf to 
pravixki higher tenpemitares in i>Jirti£^ of heart inje.-rting wells 
adj/usant to earth formations of rolitivaly Lew heat acxiAjctivity* 
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For example^ In »^6ll8 vbich arc b«iiig heated electrical 
rdsiBtance^r AdditloAal xealacant elen^Ata can be poRltlonad at 
the location at ^blch extra tieacln^ Is rfiquired^ preferably vlth 
precautlpna bp In? tnken to avoid the craatioa of *'run-AVA7 hot- 
spots" 4u« to increasing taie^oratur^ further increasliiQ the 
reslstancA and thus further IncreaalAg the tieatia^, for example » 
aa deecribed 1a the goniaoalv asel^tiait Canadian patent application 
serial Ho. 495,85* fl lad November 21, L985> by P. VanMeur» and . 
C.;. Van Rgmond.' In walls belngp heated by combustian, more/ or 
larger, or more heavily Clredp burner elenents can be paaltioned 
in aucb lacatlona. 

Suitable detertbinatlons of coupoftitiona and properties 
of the ninerala and/ or organic coipponents of an oil ahale deposit 
and the variations with depth in such properties can be na4e by 
meane of Haown mil logging, reaervoir sanipling, and the llKa 
enaiytical proeeduceQ* The deterttinatiDna can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyse 0, etc. Tor exaBOiple, the variations with depth in the heat 
conductivity of tt\e adjacent fomatiena can be deteraiiied by 
calculations based, on the kinds and anounts of materials pre sent p 
Aud/or by thermal oouductLvity lo^^lng * measurenentSr eto. US 
Patent Bo, 3,&07p227 descrlbaa a logging tool containing a 
constant output heat sourca and three temperature senaora tor 
obtaining a log of relativa themal eonduotivity with depth, US 
Patent no; 3/692,129 describes logging cased or open borabolea for 
f^mperature, speditlc heat and thercoial cooduotivity, employing a - 
constant oobput heat source and three temperature sensors. US 



Patent No. .3^B64,55S> de«ctihe% a_ logger J!pr_fnafclng a tat Ion. 

meaeurements of thenn^i conduct Ivity by heatlncr a formation Cor « 
tiflie &}i6Q u^asuring tho rate at. vhich th^ tems^^ratura dflcaye back 
to tha ^mblant taaip«tatura . Ui) Patent Uo. 2^$6l,l^'f describe a 
logging tbarval ooadactivity of a cased \tell by measuring the 
taniparature of the casing v^il before and aftar passing a haatad 
prol^e along the wall. 

Aa indieated abova, even with respect to & fiva-apoc 
pittti^rD in. vbich a alngla fluid- ptoduolng waXX Is sarrbiJndad by 
four beat^injecting walla* substantially all ot tkie lnter\'aning 
oil 
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Shale C2i\ h2 both retorted a/ui nudw rjeoroable, Hcw9wer# the preeent 
Ljwenlion is preferably ccrpliDyod iii a aazUsst oi ctxiti^tma saven* 
or ttu.rteav-spot patterns — in citJier.oX which patt»n« 
(particulEu-ly jln the thii-c©e3V*f!poC pabtcra) tl'iC retort i£>g.rat« iti 
filgniiicszrrtly incxBasBLl by having eacU f luld-pXC^lDg *aV11 
,surrcx2:5clC!d by six or tviel\'« hciat'-injecrting vre^Ma. 

'Itis wells used in tl-ic prcsfiCitt t>«>iet»fc ctin >js oH^lHtail by 
Rubfltantially any mottand for c5rSMw;igr a borebole into iJxVor 
qponitig ci iM-«gciatincr borehole into fX\Ai<i oonzmmication vilh l±e 
subeerranean oil shalu lonoatian to be u&ed ;ia an oU ?h3li» 
t:reat3zent iiit,erval. In additico^ t>6 liaviiig the spacLifiod «i}jsHrx» of 
tfignificgnt at iutai t B cif nnbile water « l^clcnesd, aiid grade, of oil 
sd^alftp the interval to which tbe pi:e«ient pnx^sjn is atpLicd sbcmld 
be oapablc of ooidfinirug fluid at least Rubstaatially within the 
treatnent. intervals at i*»st in r^jspoct to Allwijng no ai^iificant 
, ifiaka^B into ewer lying >:5catJ.ons when tho prosaira of tho fluid 
rc^aic^B poxceas pnn^smr&r and .fractures the fonration within the 
treaixnant. interval. Iks boreholeB nf «ellR ccnplet^d fjyr in die. 
prcdoiit pa:qoQSS should be siubstatitially porallal and aaparated by 
siibRtaiitia31y eqmal distanced of at least about 6 id. QcoceJioLe 
s»paratiun clistanoHti bstb^^aen injectors-and pocQducers ot fma about 
9 to 30 ca are particularly suitable. 6ori^lB8 frees o£ deviatiocta 
firm parallel, which caues yartatims ol more than about 20 per cent 
of tho wfll dtfrtanoes arn^ particularly suitable. 

■JDn the heat-ixijecWng wUs used in the preea^fc prooess, the 
ccsn&nt or oeLn^t-llIca itftterial which 'i& u^Kid to adal &loog' tlia faca 
of nhfi oil shgt^le fomaticn is preferaJjly telacively heat'-ccndnctive 
and isubstantially f3uid-*inpfiz3neablA, Particularly ptief erred ceonents 
firti stsiblu at ttacnporatiurGS of at Itiafit <iboat 800 ^C, a 
relatl'iTciy high thexneil conductivitica, relatively low piartnaflbility, 
littio or no shrinkage* 9)\ adequate ea^e of pucipability good 
chCTidcai registance, etc. The pcarTreabitity aaid diapoeition of the 
sealing tnaterial shou3.d pQco\'i<fe a eeal capable of preventing any 
?\ig3Uf icaitt awajnt of fluid flw ba*Mnen the interior of the 
bonrehole and tha faca of flm oil Rhala f LuuuL um, ao t>iat tba 
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r-ransfer of lieaC frcm tJ>c. wuXl to the foitnatlon is siibfltHnt.ially^ 
wntireJy ))y ccxirluctia^. Jflhtrc porticcu of tht> ticat-injacrting wfail 
bototola are affecHvoJy increased in diasnctcr ncflr upper 2ind Icwei: 
cxtranitiM oi tim tzBatxrcnt interval, foi: example/ J)y unclor- 
rearoing, the dUftuters ot- the jjicanRaaed portjons are yreferatvly at 
least aiK(Qt X1D% <^ Lbe rxmnai tofehfiia dLasnetcor^ Calcluru 
almdnate-bonded concretes aiid/ar cemaDta oontoinlog altiFoina- 
silicatB aggregates (or fine parti c-les) are partxculftrly siiltiaiblo 
Cor U90 as sach £oaia±ian foc^fieaii^ig nBiterrisCl?* r^can^lj&s o'£ 
suitable cscnents and oaaoxe^B iiiclod^ thafi» deBcribec^ in 

li^tentB such as 3,375,232/ 3,507,332 and 3,593,(342* 

PigiaiQ a sbcawi a porticn of a hcat-injoctiiig uxdl IxircJiole, 
IxDrd^lo 1, vAxich ia tiuita)3.'ie for use in tlie pocescnt ii^vention and 
13 located within a tnkrtOisit interval of subteriraneaa o^l shale 
<3epofri.t. T^ctolc 1 ocnt&ins tinlorgwd pjrticns, s-uc^t as portiGne 2 
und 3, whicb can be forirod ^ canv^utional prcOGdorcs siich a& 
uj:3dori>SKuain9 during driliirx;, ertCi h caaing 4 is shewn positioned 
within -die borohcla and oacBntBd into placa witli a fluid-* 
ljrperinsa)}lo» ]io&t-CQadLictlv« n^arterial, . 

Vlithin eadti enlarged borel^le porticn, tho casiiug 4 ia 
equipped vrith at leaat one b9at*oanidactive ineeal eLenentr sacb as 
collar 6, oootrtalriing radially extenaiTO eleniKiita cr portioffis/ such 
as fi^exUble iiietal TiBObers 7, bacih bcsatroondiictivo icatDriAla form 
rclkntively higKly ccnductive paths fnr oondvctlng hea& froQ witbin 
the. Interior of a borehole to subatsintially the wall of an eanlarged 
pcprti<x\ of Che lxarebolj&. D^anples oi siiitablo heAt-oorvdtuctive netal 
elewenta inclu^ cnstal valX acratcherSf turboleiira i nteger s f 
oentraU^zers amd tbi? lite such as a Hannnor-Lok Ta rb dhn nrtftr , or 
Boltiok TXirbdaonder, a\'ailable fxcca baJcerliruB division o£ Bakaer CdU 
Tools or a 101 Bar 8 occrtrali^ur aVA:i1/ih)g from Anrtelope Oil Tool 
aivi Maawfacturing Cacpean^, etc. 

With <m onvigvnfnt of tba t>'pe sstam in Kigore 9« at' least to 
aotKG ti»cbttut, t]xe iiuut €x£ heat tramnittadi iUJay trcn a hest- 
injcctiXK^f well con bm nadm team unifarm along a vertical line 
ti^avorsing a layer of relatively Ite baut ccndiictivity wittoot tha 
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neceaai ty of Ttalnbalni tt^ a bighLir tanperature in the portlca^ of- the 
well iuijocer*. to that layer. HOwn A untiotai taiif«taitur« in 
icaintained wntJ-dn mterior of tJ*je bcarehole, th«a earth firxmiatj.on 
face alacvj t>uch on onlargad porticos of tite borctolo bcocittas l:aatad 
to f^tjb^baotlcilly tiie acau: tesi^Ksratnra as the foiToati.on It'ACe Alcncj 
narixKijer portioi\5 of tjoe bor«ibolt)» Siiic:9 tVm facB of fcnsnaCiloa 
etfijojnin9 tlie borGhole is hoatod to thii highest teni^ieratare of cisry 
pcrticx] Id tha fcEnsaiSat, ihn tc<.i^pejcabuix*. grd;3iant Hxteodiji? 
rddlally wtfay fron the enlattjed }Xirtlon oJC the lX3£0-bol«i in ehiftsd 
raclially auqaiy X^ron tim botehuie* 

Tn geiwid., tJte heatlrg of f±Si intariiar of tha hBat-loj«c:t.ing 
well can be aoccfiplished by subdtdAtially any type of bsatir9 
device, sucb as cottxiaticn tmA/ox 9lac:trical type of hcAtin:j 
oLcments* or thft like, ihe be^.tnq eJjecn^t ?hpaia e:r&c»d 
fluhfltantidl.1.y tlxcoijgJtDUt tbii treartznant interval (preferably 
t>izixjghaut at ](V)St abojt ^0 per oeut of that iirtHTVol) . Sftisra a 
caity^ifftloci typtt Ixsotisvj pSmvx\t is used* a gas-^firad heater ia 
pmferrod. thd f^^I afid cstidaixta fior a contiastiaD hsater (such ad 
methanfl cmd cqcygpsU aro proiombly siipplied trcugh separ<ite 
condbitfl leading through a heat: tOidbaxKpBX in vdiich thisi Inuosxing 
fluids ara heated by the outflowing oocrbastiOQ products. ISk) bumar 
)icu3ing and fluid oonduits of a oonbuBtinn hp^ter af^ preferably 
in^taXled v/itbin a wall conduit viiich is surrorjEided by on annUar 
apace that ia filled hy thi» c;eTvient tor sealing the face of tha oil 

* . ■ 

oh!ilo. csnarally suitable typea of oonbgsticn heaters Willed could 
be arranged for use in tJ^.pceststt proofed are deiacrihad in OS 
DutentB such as 2,070,002) 2,780,430 and 2^902,270. 

r*j\ electrical refilstanoc hoeitcc is particulaciy suitable for 
bcatlnQ tba interior of a haat^injecting well in tb» present 
process. A plurality of rcclstanoe cXaafiots are prefenrably uend. 
TtB mflistarK^a alonentff cm be mounted wiidiln or cxtomal to an 
j.nfcernal conduit or rodf or sluply extentoA into i±e boroholc ythtm 
t!u^ reuiDtonoM oTtt itiiftamal to, or axo free 04" a supporting 
eleomtifc, sucb as a conduit or rod, thay are pcsferably ecrbedded in 
d^e cciDcnt u^iicb ccaiB tJie faca of tho oil £>]^kal» aloD? tl^ 
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tirattBot intarvalr GftmsraUy suititolo types of electrical heitrara 
which cculd bs orxangad. £br oaa 5n bha present ^rocei:^ are 
daBcri.bed In US PatCTJtO such 2,«72,445r 2,484,063; 2,670,80:!| 
2,732,195 ana 2 f9S4, 826. 

dc^o&it which Mooldr in 9sneT.^i he sttitafoic- for u»ft att a tzuotneot 
interval, an <3£ittcribiid in cur pai^nnt ars^lJc&tlCD* tnay bo p&ra»atsd 
by nauurai fractures land/ar plarftH of wea)cne99. Guch relatively 
vceak mocks my imdnrgo rolotivdy Ictftg oxtimaicnB of varticBl 
f roBturea when pctmvarized tlvS/ta bglJtg di^gp-loo^ ohiay £iua sn 
injactica wall LirAift into ttno^ Thin imy result in cxtjendlog fluid 
pasiKsugewBys 1>Q*Gnd t]io apcfiinga into pcoduction mqXIa imeVor into 
a^ijocent aquifers C9pah)e of canslx^ an infla/ o£ xatser to itD 
extant detrijEKTtal to oil rooovory j^roccss. 

7^. havQ rjui/ diuuoveced that 90c^ fracture eKUerisdons 

can be crvoidod hy drilling aaJd hHotiJv? •guard walla^ vithin aucJi 
ruiativBly veak oil eJialo zoces in locations surroundintf a (icntt^tn 
of Iteot injecting ml fluid produciiig wUs dod/oc in iocations 
ii^terndttent bBtMaen a Heat injacting or fluid producing udl atnA 
an ad^acQOt a^Jilfar. Siieh guard Malls an U99i for ocaiductively 
heating ciia adjoining foaoDciaticxtfi s ub a tauti ally throLq^oixt tha oil 
BltalB interval bo bo treated bo a bcnperature vhich is tco lon to 
gasify fiignifiuaot piu^jui L ions of tiis oil shale organic ooD^onents - 
but 33 high €nouoll to c^ai&d a ^ignificaot thactoal expansidn of the 
x-udcB* hfhrai tbofis rodcs axe lieated the natural iraoturds are KeiJt 
clofitid and tha fracturing oatiBBd toy tte apptoa<^ing pressurized 
f lii.ld*i (displaced away froni I^eat-ln^QCting uolls) tattda to ]» 
. liifdtc:} to horiscatal fr a u Luma conaantxatEd almg tha sides iioaTeAt 
to tha h9Bt.-injecAiT^g welL-B. ySocvo fliiicl pfodtwlii? «ella are 
Xocatod sobtttantiolly hetweaa tba haat^xtrlectang valle and tha 
guar^ wDlls^ tha fractures aro ^tfttfittraRtially aattecdad iixto those 
wGll£i, vtere the high fluid prossures ^aro quickly reduood by the 
production of the inflowing fluid. 

lbs arcDontsring of such relatively weak tesetvoir lodcs is 
apt to be indlcxtad on inflow of \i^tar into wel la dril Isd .into 
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such TOcKs, Di gsanaralr^thQ xsaturai £iMOta«m t;rRijt.i^^ c_ ^■ViiaXX\'B. 
vwkiye,vs ajvl/or watex inflow ooti be tiiennally cioG«Kt by d 
relatix-ely mild hsatijig, as Lcng a« tho fracture pr«coGlty in iVDt 
nftcrc than, *tojt 5 per c»it« 
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L . In a pxood&s in v>^ch oil is prodnpad frrrA a 9gt>terrar.ean oil 
.<hala .deposit extending at Xuaat one eiich o£ haar-iujectiiig and. 
flaicV- y i xjinrin y veils into the aopodit, c>fi1-.iKH fitiirg a hBot- 
coflftductlvQ flufdhioTennBable barrier bGitwecn tlis i)itQrior ot ooch 
.hwt-in^ccting wll ajuI tJia adjacBnt dapoait, «nd then baat^r^ ulv> 
inti^^SoT of ea^ heat-lnjocting at a teaperatoxw auf ficrient to 
oOTKluctivBly haat oxX siralc terogsn and cause Fyrolysia products to 
fona fractuma within tiici oil. shale, deposit trhrcuc^ which tho 
pyrolysi* products <uro diiiplacad into at laast one pnoducrticn well, 
an inppovwnent Cor enhancing- ti» unifomity of the liaat frait» 
novin? thrQ'j9n the oil shale deposit, ocnprlflcsi 

dstezniixixsg variationa vltJi dep4^ ua the ccnpo^itiooci and 
prqpGXtlQfi of tliQ oil shale depceit; 
Qocnplecing said liaatr-injocting and f luid-ptcducing fc^llfr 
elective ty into a trcatLncmt. interval o£ oil ehala In which 
the oil flhaXe cleposit ta} i5 at; least about 30 ai thickp {b) is 
substantially iispezinaabla and free of nobUje prater # (c> Has a 
occvoaltiOQ and thickn*»© such that the produtrt of tl)B a\ierago 
Piechsnr Aijflay gre-ie tln«5 the thickness of the treatteni 
interval ie at least abTivt 900, and (d) tbexeJby contadna 
ccn^ientA capable o£ intcuracting in a Jnonnar enhancing the 
uiiifotrnity of a front ot oan^loctiwaly tranaalttcd heat, witb 
said v^lle being arranged ao that, at laaat substantielly 
chrciT^haot eaid trwitment Interval, well boreholes arc 
subctantially i>irall(il and are espartttad by s^ataDtially 
equa>. aistanoea of at least about S and 
vithia the intarirg of each heat-injecting wil nwintaining an 
avettigii texpervtuxe which, selectively along said treatment 
intoerval, is at laast about '&)0 ^C, but is not high enough to . 
thcnnally davago 6(;p3lixi£nt within the well, whild heat is ^ 
' beli:g transmitted away frcm the well at a rate not sifjii- 



Mcanuly f&stor than thftt permitted b? the thaijoal c3an-< 
cluctiviu!e9 of tpc earth ijaiXtttitic(n& iidjituHfit to.tba bBobai . 
intnxval within t^ie we U. , 

2. "O^e ptt^ce^ of cloun 3 in which, to the extent neqaired 
kfiop tlte fiotu 4it ^f^^dch Iteat is ttrRnoidtta^ tftircoe{ti ttta oil sttale 
d^sposit cubotantially ualionu aluDg th;: anas of the heeoted interval 
of tha heae^iDj<9Ctijn9 veil j the tE^rperatum at viiich at 

Iwtft one hiwt-injoctijtgr is heatad ta relativ^ely kitghar At 
d^ythti adjacKit to pcactiona of Lbs ojj. sbalo ae^osit in vhidi the 
boat oSBtdtuctivitias oxQ relatively louer, 

3. The ipacocQSS of clalia^ 1 in which tha £atB of haatiiig tha 
intarinr of at least ons lieatf-lnjecting well la varied to an cxtesnt 
caudin^ an e£te±ive Ie\'elli7ig off of die themal fmtC oo tttat b>V9 
rata <^ ^dvanca thnoucjiti the oil ghale of tha tb^rrmi (rant in 
ocatirued at substoitlally thd sziott rat^ uhile the z:ata oC i^icr^afis 
of fbm tjfap^avjim wlt^iin tb9 bor«holo is sicpificantly rcdnoed* 

4. Iha 'prooen a£ claim 1 ia ^<hl^ the heat-jjijocting ard 
£Iuidr^?o&3cinig vo^Wm ara arrack;;^^ in a sariaa o£ cantiguoua 
patterns la wliidt oach Huidr^pccicaucing wall is sutrojctdad by ut 
leeat iouT hssat-iirjecfcing v«11b. 

3, Tha pcoaasB of claim 4 Id whlrti fluiar-^:oax;ing M«eU is . 
surroUDdfid twelve lieab-isjcsitiDg ^velln^ 
'6* 1^ procsese of claiiQ 1 in vMcb tlie oU &halc ctrado is at 
least about 20 g^lOona per ton and the gradef-thictoesa (aroAjct i«' 
^t leaat about 4sa€» 

7. I^je process o£ clalin 1, txat^ri^im the stopa of 

in each heart-in jentii«9 weUr auhstantiaUy throcsghoat the 
treartomt inturvai^ fioaliis? the faoo of tha oil ahala fosoatiaD 
vitls a solid Tua^-n^a? ubicti la xalativ»ly heat-^coodDctivfl aid 
sitetxffitlally fluid ijspaxsnaablfti 

in at least one heat^injectring well iJvcrTviiring ths effective 
di/Hnetar of the bon^iola in at leaat cue portion of tl^ l;xeaOQeDt 
intaxvai and eoctBodiA? at leoat ana beat'^condactiTra irartal elenwnt 
£eaB witiilA the ii^±i^lar of the boaraioDla'to nohx the face of the 
QO-cnlarged portion of tbe boxctole; and 

In cad^ £lald-produ3ln9 ,well#. sabitantlally tbroughout thn 
trntxaent Interval/ esta^^liidtLnq flisid ooonunicadxn batwacn tbe 
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well bore, arji^tha oil shalD forrnatioa and arranging cha 1 tor 
prrxiijc-inq fhxiA frccft ihe oU shale foncaciOD- 

B. the procesK of ciLaijn 7 in ti» mterdoi saalin? Uta istue 

of thfir oil shciXa fomaticti alcatq thv bcar«t»i« oH a t»dit-inj«£ObiQta 
Hell Is a (xsvx^ arrangc?d to fill substantl ally all o£ tbc space 
bclMTfKn the outoruo&t sa^tiOlic elecnftntft witiilp tho Intisriar of the 
hox^D'ie and \hB ft»cs> of tii^ oil shaJ-e fcncBWCicn/ s«ic>\ 3a.i/3 oanent 
having a thcunnol cc7rK3kicTti.vity 9t 3e6i8rt H\i3#ftant tally aa hi9b a% * 
that of tl*xj oil Jjhalfii fomtttifSd. 

9, . 'Phs proccsa of claia L ui u^iidi At.lwt ens wen located uoar 
an ^edgH' of a pattetji oi hwt-lniecting ai^ fluijaTpro^,2ta vaUa Ik 
^t£irj;)di isilbBtiintially tiu:aji^i»jt tha treiatxnBiit intArv'ol cad heurteJ 
At a tcarperatur^ hicj^i ehJogh to couae a tbanuol es^jHin^'jg <uid/or 
ccnprcsoivc eticsslng oi tho*adjao»^ earth CoxmatlonB but Ixxi 
enough to avoi<i aignificBot t^wDc^al inobiliTaticn at or^nic 
coGT^oiientfi of -thtt all ahala* 

10. Hic proooss of claim 9 in uhlcb at least ona so hcatsd ucll 13 
' fiubseqaodtly baai^ at about the toninrature selected f6r the 

^eat^r^g of tbe hsat-lnjectiiag wells being oiplcyod* 
11^ The pccoeaa of claim 1 in Whidi th9 viall boreb^laft o£ said 
. hi^t-iTVj4^*tioei and £li3id prodi^^ 
^iibstantially equal distanoea of about 9 to 30 V 
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cotracnvBis HSMniiid a sobibbrmibah ooX' ^ssum^ to 

t 

Shald oil i£ fiubssquentiy pcoduoed .brcn a s^jbtotranGen 
IjitaxvAl of oil slialAf vdiexe tlie intaival is iiiitlally 
substantially !zi%>«nieabX9 and cantaioiv a BpeciCied grade and. 
tbictoess of oil shaOat Said inter\ral is conductivety heated fron 
borehole iMeriora which are kept hottar thaaa aboot (SCO and ar« 
heated at a rate sud.\ that >ero9sn s/rolysls projects foorrod wi.thln 
the oil etvOa create »d flor throjgh hdriaootDl fractoxea ^ijch 
aubd^tently beoooQ cdctonded into fbiid-^rodudng trails that are 
txxiitloned la spadflled Itxsatijonft* 



